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ABSTRACT 

The VLF electrometer on the  Lockheed-Aerospace P-11 satellite, 

1964-45A, sampled ambient e lec t r ic  f i e l d s  i n  the frequency range 1.7 - 
14.5 kc/s. 

15 August 1w and 13 September 1964. 
ment is  given and a l l  of the resu l t s  a r e  displayed and analyzed. 

Tape recorded data for sixteen f'ull o r b i t s  were obtained between 

A complete description of the  experi- 

It is  

argued that t h e  observed f i e lds  generally represent e l ec t ros t a t i c  plasma 1 
osc i l la t ions  i n  the ambient medium, and various sources of t he  large 

nonequilibrium noise enhancements are considered. It is  noted that d-c 

e l e c t r i c  f i e l d s  p a r a l l e l  t o  the geomagnetic f i e l d  l i nes  (possibly 

associated with the f l u t e  i n s t ab i l i t y )  could produce the large amplitude 

plasm osc i l la t ions  and related phenomena. 
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1. INTRODUCTION 1 

On August 15, 1964 the P-11 spacecraft 1964-45A carried into e near 
polar orbit an a-c electroiiicter capable of measuring VLF electric fields in 
the frequency range 1.7 to 14.5 kc/s. Recently Scarf, Cia&, and Fredricks 

(1965; henceforth referred to as SCF) published a preliminary report on the 
electric field measurements in which it was argued that the instrument had 
detected large amplitude ion plasma osciilations. 

a comprehensive sumrnary of the observations and assess the significance 
of the results. 

In this paper we present 

Section I1 contains a description of the spacecraft orbit, the 
operation of the electrometer, the orientation of the antenna, and wake 
effects which supplements the discussion in SCF. 

tape-recorded orbits are displayed and discussed in Section 111, and for 
eight orbits the field measurements are also correlated with observations 
of precipitating electrons having E > 400 kev. The total amount of data 
discussed is thus quite large, but since this experiment is the first of 
its kind it appears necessary to examine the measurements for many orbits 
in order to establish repetitive patterns and the range of variability. 
is argued in Sections 11, I11 that the instrument has riot gewrally detected 
the electric field noise spectrum associated with the ion cyclotron reso- 
nance or harmonics, the hybrid resonances, shot noise, photoelectron emis- 
sion, whistler signals, wake disturbances, or on-board interference. 
Sheath effects also appear to be insignificant, and it is therefore con- 
cluded that the measured fields represent electrostatic ion waves in the 
ambient plasma. 
ted, it is shown that the a2pearance of precipitating energetic electrons 
generally is correlated with the detection of enhanced plasma oscillation 
fields . 

The f u l l  data for sixteen 

It 

Although the opportunities for comparison are quite limi- 

The significance cf these observations is discussed in Section IV. 
The evidence suggests very strongly that the magnetosphere and upper iono- 

sphere are in a s t a t e  of Earginal stability with respect to a generalized 
form of two-stream instability associated with an anisotropic velocity 
distribution, and various specific instabilities are considered. 
class is related to a spatial anisotropy, and for the msgnetospheric 

One 
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p a m e t e r s  of i n t e re s t  t h i s  i s  typ i f ied  by the Rosenbluth-Post "Loss-Cone'' 

i n s t a b i l i t y  (1965) which occurs when par t ic les  are confined i n  a mirror 

geometry. 

i n s t a b i l i t y  associated with an energy anistropy which might be produced by 

a d-c e l ec t r i c  f i e l d  along the  geomgnetic f i e l d  l ines  (EF ,  Swift, 196ga). 
Such a d-c f i e l d  could arise i f  the  magnetosphere were unstable with res- 

pect t o  f lu t ing  (Chang, Pearlstein, and Rosenbluth, 1965, S w i f t ,  l965b) 

although other sources of E are  possible. 

be used t o  ident i fy  the source of the  enhanced plasma osci l la t ions,  but 

additional evidence which seems t o  support the  conjecture t h a t  large elec- 

t r i c  f i e l d s  ex i s t  along geomagnetic f i e l d  l i n e s  i s  summarized. 

The other c lass  i s  the more familiar form of the two-stream 

The P - l l  VLF data alone cannot I I  

The orb i t  of spacecraft 1964-45A has apogee near 3765 km above the  
earth's surface and a perigee near 268 km, with an incl inat ion of 96'. 
i n i t i a l  perigee (August 15, 1964) was on the night side a t  a l a t i t u d e  near 
+ao (geographic) and a t  a loca l  time near 1:b a.m. 

t r i c i t y  and incl inat ion of t h i s  orbi t ,  the  normal precession i n  longitude 

associa-ced with oblateness of the earth was almost canceled by tha t  change 

s s n c i a t e d  w f t h  t h P  movFment, of the ear th  around the sun, so tha t  the 

spacecraft remained a t  nearly the same loca l  time. 

passed, the o rb i t a l  orientation did change i n  two ways: 

i n  l oca l  time occurred, 2nd by 13  September 1964 the  loca l  time f o r  

perigee vas reduced t o  N : 5 9  a.m.; 2) the perigee l a t i t ude  s teadi ly  

dr i f ted  southward crossing the geographic equator on 23 August 1964, and 

reached -41' by 13 September 1964. Thus, the pr incipal  parameters which 

change from orb i t  t o  orh i t  are the geographic longitude and the  a l t i t u d e  

a t  which a given geomapetic o r  geographic l a t i t ude  i s  crossed. 

The 

Because of the  eccen- 

However, a s  time 

1) a s l igh t  d r i f t  

Real-time data were acquired a s  the spacecraft passed over cer ta in  

tracking s ta t ions.  

the order of 5 - 15 minutes, but since the VLF experiment was assigned only 

eight data points per 1.068 minutes, and since these transmissions were 

taken over a few specif ic  geographical locations, it has not been deemed 

worthwhile t o  base an extensive analysis of the data on any of these 

l imited real-time observations. 

recorder which periodically allowed sampling of the f i e l d s  fo r  a complete 

The duration of these transmissions was generally on 

The spacecraft did have on board a tape 
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orbi t ,  and our discussion w i l l  be based en t i re ly  on the tape recorded data. 

me resf t h e  6ata b v e  been examined; however, and it has been ver i f ied 

that the tape recorded observations a re  quite representative of a l l  of the 

measurements. 

After about one month of operation a d r i f t  i n  the VCO frequency f o r  

the tape recorder channel involving our subcomta to r  points occurred, and 

only sporadic and somewhat noisy recordings were available thereaf ter .  

Furthermore, since the telemetry fo r  our experiment was extremely limited, 

any noise i n  the l ink  (such as temporary loss  of synchronism during the  

tape playback) was frequently suff ic ient  t o  degrade the en t i r e  recording. 

Therefore, only tape recorded data f o r  sixteen orb i t s  during the period 

15 August 1964 t o  13 September 1964 a re  available. 

parameters fo r  these passes are summarized i n  Table 1. The orb i t s  a r e  

labeled by the  perigee pass number, a s  given i n  the standard ephemeris fo r  

1964-45A. 
ea r l i e r  discussion the standardized numbering system had not been adopted, 

and these were described a s  o r b i t s  47, 85 respectively.) 

Some relevant o rb i t a l  

(Some data for  orbi ts  48, 86 were shown In SCF, b u t  i n  t.he 

me payload of 1964-45A inciuded a ser ies  of omnidirectional so l id  

s t a t e  pa r t i c l e  detectors furnished by D r s .  Freden, Ijauiiiras, and Ziake of 

the Aerospace Corporation (Freden, e t  al., 1965). These instruments mea- 

sure fluxes of electrons w i t h  energies greater than 300 - 400 kev, and 

these electron observations were kindly made available t o  us. 

directional detector responds t o  both trapped and precipi ta t ing energetic 

electrons, but the study of in te res t  involves the re la t ion  between large 

e l ec t r i c  f i e l d s  and precipitating par t ic les .  

fined examination of the Aerospace data t o  spa t i a l  regions where trapped 

electrons cannot ex is t .  In  Figures 2, 4, 6 ,  8 ,  10, 12, 14, 16, ve r t i ca l  

l i nes  a re  drawn t o  delineate the  portions of the orb i t  where B (L) > 
(L) a t  an a l t i t ude  of 100 lun (curves of B~~ (L) f o r  a var ie ty  of Bmin 

a l t i tudes  were supplied by D r .  J. Vette); i n  these regions no trapped 

electrons can exis t ,  and the Aerospace electron fluxes therefore represent 

detection of precipi ta t ing par t ic les .  

f o r  orb i t s  5 through 102; the  mechanical scrbcomtator f o r  the output 

channel which contained the par t ic le  data developed a temporary malf'unction 

The omni- 

For t h i s  reason w e  have con- 

Th i s  comparison was possible only 
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af te r  o rb i t  i47, and by the time t h i s  resumed operation the VCO d r i f t  had 

occurred. 

A s  described i n  SCF, the experiment contains four bandpass channels 

(center frequencies 1.7, 3.9, 7.35, and 14.5 kcjs; bandwidth i5$ of ce i i t z r  

frequency) plus an  overcounter s e t  t o  t r i gge r  a t  1 volt/meter. 

threshold is  on the order 300 - 400 @v/m f o r  t he  bandpass cfiannels, with a 

dynamic range of 70 db. 

values. 

t o  the spin axis  of the spacecraft, i s  coupled t o  the preamplifier so that  

the antenna capacitance and the input capacitance of the  preamplifier form 

a voltage divider. Thus, the excess charge or  po ten t ia l  amplitude on the  

antenna is  actual ly  measured. 

Eind &eff - ‘0’ 
the  preamplifier input voltage using the f r ee  space antenna capacitance, 

The ambient potent ia l  amplitude can d i f f e r  from O0 

m e  noise 

These Field strengths are not actual ly  absolute 

The antenna, a single whip of length 18 inches, mounted p a r a l l e l  

We define the indicated f i e l d  strength by 
- where teff = .C/2 = 0.23 meters and Bo i s  derived from 

- 5.5 picofarads. co - 
i f  the antenna capacitance i o  the plasma i s  not CoJ and Eind may d i f f e r  

f rumthe actual  f i e l d  strength because of any var ia t ion i n  the antenna 

capacitance and also because the effect ive length may d i f f e r  from & / 2 .  

i Y e l b . l l f A  VI np +hac- L , L A & ~ -  Iinrprtainties - _ _ -  appears t o  be very ser5ous. A s  we s h a l l  

demonstrate i n  Section 111, cer tain features of the data indicate t h a t  no 

well-defined insulat ing sheath formed around the antenna a t  the o rb i t  of 

the spacecraft, and t h i s ,  i n  turn, strongly suggests tha t  C and 0 were 

very near C 

c m o t  be evaluated on the basis of the data, or  on the basis of prelaunch 

cal ibrat ion which involved external potent ia ls  ra ther  than external elec- 

t r i c  f i e lds .  However, taking i n t o  account the  known s i z e  of the spacecraft, 

it i s  d i f f i c u l t  t o  see how the quoted e f fec t ive  length can be i n  e r ro r  by 

more than 50%. 

and Bo, respectively. The uncertainty i n  the effect ive length 
0 

The spacecraft ha2 on board several  po ten t ia l  sources of VLF in te r -  

ference such a s  the 2 kc/s square wave generator For the Aerospace Corpora- 

t i o n  Faraday cup plasma probe, and one must consider the extent t o  which 

th2 T,‘?2‘ detectnr  could be cortaminated by these instruments. Extensive 

prelaunch integrat ion t e s t s  revealed t h a t  t he  e l e c t r i c  f i e l d  experiment 

i s  completely insensi t ive t o  t h i s  kind of noise. In essence, the  voltage 

-5 - 



divider input c i rcu i t  produces such a high inpedance that magnetic osci l -  

l a t ions  cannot drive currents, while the ambient e l e c t r i c  f i e l d  in te r fe r -  
ence levels  a re  well below threshold fo r  the experiment. 

t e s t s  such PS these are  carried out i n  the absence of plasma, and it i s  

dangerous t o  ignore the possible e f fec t  of a plasma medium which ~ L ~ G V S  

new propagating, or  even growing, modes of osc i l la t ion  i n  the VLF range. 

For instance, one could imagine that the 2 kc/s generator might stimulate 

ion acoustic waves i n  the nearly col l is ionless  plasma and tha t  these loca l  

effects  might contribute t o  the indicated f i e l d  strengths i n  the 1.7 kc/s 

channel. Furthermore, a t  certain places i n  the orbi t ,  on-board noise 

source frequencies match local  resonance frequencies such a s  t h a t  of the 

lower hybrid resonance, 

Of course, 

f w ', F i f e  c c ; 

the resonance e f fec ts  could be par t icular ly  important because the group 

velocity vanishes fo r  these modes and large power leve ls  can therefore be 

built up near the spacecraft. 

and the fundamental ion gyrofrequency resonance were detected on Injun I11 
and on Alouette I (Brice and Smith, 1w; Brice e t  al., 19"1; Smith, e t  a l . ,  
1964; Gurnett and O'Brien, 1954). 

In fact ,  lower hybrid resonance emissions 

We fee l  tha t  no spacecraft-stimulated emissions associated with t h e  

ion gyrofrequency resonance were found i n  t h i s  experiment. During a typ i -  

ca l  o rb i t  the ambient magnetic f i e l d  varies from about 0.05 gauss t o  0.5 
gauss and hence the proton gyrofrequency ranges from 76 c/s t o  760 c/s. 

Since the supposed source of t h i s  emission (i.e., the spacecraft or i t s  

equipment) and the receiver a re  i n  the same frame of reference, such a 

signal can be detected only i n  a channel wlth s ignif icant  response below 

800 c/s. 

sustained average 800 c / s  f i e l d  amplitude would have t o  be greater than 

1 volt/meter i n  order t o  be seen above background i n  the  1.7 kc/s chan- 

nel. Such large coherent signals would have been detected i n  the over- 

counter channel, and the lack of overcounter respmse  precludes t h i s  

poss ib i l i ty .  

However, our lowest channel i s  centered a t  1.7 kc/s, and the  
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The ion cyclotron harmonics with angular frequencies near n Cl C' 
n = 2, 3, ... dc hwe colrrponents which can fall in the range of 1.7 kc/s, 
but f o r  the fields and densities encountered in the lower magnetosphere, 
these waves primarily represent bumps or  ripples in the ordinary propagating 
ion wave spectrum. 
(Sturrock, 1965) 

For example, the dispersion relations for n = 2, 3 are 

R k2 A* sin4 6 

2 R ' 'R (&-cos 6) 
+ ... 2 

2 
c - g  p 

3 Q * k4 A4 sin6 8 
Lu = (3  + + ... ( 2 )  2 

If Clp2/ n 
dence is unimportant. 
electrons, and sharp electron gyrofrequency harmonic resonances were detec- 
ted on Alouette I (FeJer and Calvert, 1964; Sturrock, 1965). However, when 
ions are considered the situation is completely different since R 

while Rc - M 
different character. 
the broad-band spectrum extends from 0 to (n R e )  and the phase and group 
velocities are sizeable. 
merged with the ordinary ion wave background where the dispersion relation 
for parallel ion wave propagation (k x B = 0) is 

is not large, ther the "resonances" are narrow and the k-depen- 
C 

This condition is indeed satisfied for magnetospheric 

1 19 - M-A'L 
P -1 , and the dispersion relations describe modes with a very 

When R > > Qc (as it is for magnetospheric protons) 
P 

Thus, these harmonic cyclotron "resonances" are 

4 - 0  

' b o  
1. 

P 

M 
--A+- 1 2 , 0 < k <  
0) - k2KTe Q 

(3) 
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It w i l l  be shown i n  the next section t h a t  isolated single, o r  per- 

haps double c ’ m e l  peaks have been detected on occasion. It is conceiv- 

able tha t  some of these represent emissions a t  t h e  lower hybrid resonance 

frecpency (f - - 63 B kc/s fo r  a hydrogen plasma, where B i s  i n  gauss). 

ever, a cursory examination of the magnetic f i e l d  values a t  these spikes 

(discussed i n  the  text of Section 111) shows tha t  very few of these can 

possibly be related t o  lower hybrid emissions for  protons o r  heavier ions. 

How- 

Another general point which must be discussed involves the  orienta- 

t ion  of the e l ec t r i c  f i e l d  antenna w i t h  respect t o  the spacecraft velocity 

vector. The spacecraft traveled from south t o  north on the  night side and 

the antenna pointed within 15’ of north. Thus the antenna was generally 

out of the wake on the night side, but it is necessary t o  consider the 

extent t o  which the  measurements were dis tor ted by the  motion through the  

plasma. 

The most extensive investigation of wake ef fec ts  and loca l  dis tor-  

t ions w a s  carried out by Samir and Willmore (1.965) on Ariel .  

included Langmuir probes which d i rec t ly  measured electron densi t ies  and 

indirect ly  detected VLF e l ec t r i c  f i e l d s  i n  the range 2.7 - 3.7 kc/s via the  

relat ion v*E = h p .  

on a 57-inch boom. 

unaffected by i t s  orientation with respect t o  the spacecraft wake, sug- 

gesting a wake extension of l e s s  than a few fee t .  

t ha t  a small wake region depleted of plasma exis ts ,  and when the t o t a l  

density was down (i.e., when the base probe pointed i n  the wake) flux 

osci l la t ions were detected. Samir and Willmore speculated t h a t  ion p l a sm 

waves w e r e  excited i n  the  wake region. Another possible interpretat ion of 

t h e i r  resu l t  i s  tha t  when most of the steady plasma component i s  swept out, 

the par t  which arr ives  a t  the base probe has a higher percentage fluctua- 

t ion  amplitude; t h i s  coulE mean tha t  the weak density osci l la t ions a re  pre- 

sent throughout the plasma, but only observable on Ariel  when the base 

probe points i n  the depleted region. A t  any rate ,  the Ariel  measurements 

strongly suggest t h a t  when the VLF antenna points upstream (on the night 

side) it samples f ie lds  i n  a p l a sm which i s  re la t ive ly  undisturbed. 

The payload 

+-. 
me probe was mounted on Yne spacecr~f t  =ad the ether 

It was found tha t  the boom probe response was coxrpletely 

The base probe did show 
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111. TAPE BECORIIED DATA 

The telemetry sequence f o r  the  VLF' experiment was the  following: 

m e  bandpass channels were s a q i e d  In  the zrder 1'7; 3.9,  7.35, plus  vol- 

tage calibration, 14.5, 7.35, 3.9, 1.7 kc/s, with one second between 

points and 1.068 minutes between each sequence. 

7.35 kc/s channels were sampled tk ice  per sequence, with 7, 5 ,  and 3 
seconds, respectively, between samples. The resu l t s  a r e  displayed in  
Figures (1) - (32 )  and the format i s  similar t o  t h a t  used i n  SCF. 

the  three low frequency channels the first sampling i n  each sequence is 

plot ted without a heavy dot and successive f irst  samplings a re  connected; 

t heve r t i ca l  l i nes  leading t o  points w i t h  heavy dots then show the  varia- 

t ions  i n  f i e l d  levels  over 7, 5 ,  or  3 seconds. For each of the sixteen 

tape-recorded o rb i t s  t w o  graphs a r e  provided. One shows the complete 

response i n  a l l  four bandpass channels, and the other contains only the  

1.7 kc/s measurements along with ephemeris parameters and Aerospace Cor- 

poration electron data, where available.  

resu l t s  f o r  each orb i t  individually: 

Thus the  1.7, 3.9, and 

For 

It i s  useful t o  discuss the  

Orbit 'j (See Figures 1, 2 ) :  The spzzecmft entered shadow at  

6:34 UT, and signal was l o s t  before it emerged. 

cant noise enhancement appeared i n  a l l  four channels as the photoflux 

disappeared, and t h i s  could be taken a s  an indication t h a t  a sheath 

formed a t  about 6:34 UT, causing an apparent f i e l d  enhancement as d is -  

cussed i n  SCF. However, it w i l l  be seen tha t  the measured f i e l d s  

generally show no change a t  a l l  when the  spacecraft crosses the  termi- 

nator, and it seems l ike ly  that a normal moderate noise enhancement was 

coincidentally simultaneous with entrance in to  the shadow. This o rb i t  

i s  the only one i n  which no f i e lds  higher than 6 millivolts/meter were 

measured; it i s  a l so  the only one available f o r  comparison i n  which no 

prec ip i ta t ing  electrons were detected. 

A s l i gh t  but s ign i f i -  
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Orbit 10 (See Figures 3, b ) :  The spacecraft was i n  shadow between 

l7:ll UT and l 7 : b  UT. 

during a quiet portion of the  o rb i t ,  and c lear ly  no change i n  the  indi-  

cated f i e i d  l eve l  k i s  measuredi This strongly suggests that no sheath 

corrections a r e  required at any time since the  sheath should be modified 

dras t ica l ly  when the photoflux is turned o f f .  

of t h i s  o rb i t  i s  the  la rge  f i e l d  enhancement between 17:35 UT and 17:46 UT 

which appears t o  be correlated i n  a complex manner with observation of 

precipi ta t ing energetic electrons a t  t h e  Spacecraft, and a t  the conjugate 

region some 30 - 40 minutes ear l ie r .  

occurred over an a l t i t ude  range of 300 - 950 lan with B - - 0.41 - 0.46 gauss 

and L - 1.2 - 8; the f i e l d  peaks were found a t  L - - 1.4, 2.1, 6, and some 

s o r t  of anti-correlation between the f i e l d  strength and the pa r t i c l e  f lux 

seems t o  be established. However, the extremely l imited telemetry 

available fo r  the VLF' experiment and the lack of vector measurements pre- 

cludes a detai led study of t h i s  re la t ion  (See a l so  Orbits 21, 48, 56, 102.) 

The first passage across the  tenaimitor occurred 

The most prominent fea ture  

This four-channel noise increase 

Orbit 21 (See Figures 5, 6): The spacecraft was out of shadow 

between l7:O2 UT and 18:41 UT. 

w i t h  the start of an  enhancement and with loss of signtri, iio s t a t e m a t s  

about sheath e f fec ts  can be derived from these measurements. 

the prominent four-channel enhancement from l7:Ol UT t o  l7:U UT has a 

dip which appears t o  be related t o  the detection of large fluxes of preci-  

p i t a t ing  electrons.  

650 km, B - 0.44 t o  0.43 gauss, and L - 1.6 - 3.2, and the second a t  17:06 

t o  17:11 UT has L - 740 to 1150 km, B - 0.35 t o  0.42 gauss, and L - 4 - 16. 
A t  the  second night side auroral pass the signal was frequently missing, 

but some indication of high f i e ld  strengths w a s  obtained. 

21 the VLF e l e c t r i c  f i e l d  signals were a l so  compared with the response 

of Aerospace Corporation Faraday cup plasma probe (Hilton, Stevens, and 

Vampola, 1964). General agreement was found between the uniaxial  f i e l d  

measurements and the detection of fluxes of 1 - 8 kev protons; the agree- 

ment was best on the night side where the VLF antenna w a s  out of the  

spacecraft wake. 

Since the  terminator crossings coincided 

A s  before, 

The f i r s t  peak a t  l7:Ol t o  17:04 UT has L - 450 t o  - 
- - 

- - - 

For o r b i t s  10, 
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Orbit 44 (See Figures 7, 8): The spacecraft was i n  shadow between 

1 7 ~ 2 6  and 17:45 UT. A s  it entered the shdaw, the inOicated f i e l d s  again 

remained f a i r l y  smooth. 

17:36 UT (I, z 509 - %IC h, 3 2 0.44 gauss, L - - 1.8 - 3.5) and 17:45 - 
17:58 UT (L  - - perigee t o  800 km, B - - 0.35 - 0.45, L - - 1 - 4) may be re- 

la ted t o  the adjacent observations of precipi ta t ing energetic electrons; 

however, the intermittent loss of synchronism between 17:52 UT and 18:02 

UT makes any comparison rather poor fo r  t h i s  pass. 

spikes a t  17:16 - 17:19 UT (I, - - 2100 - 1&30 km, B - - 0.24 - 0.29 gauss, 

L - - 10 - 30 with Lpeak - - 20) and 18:38 - 18:41 UT (L - - 3650 km, B - - 0.09 

gauss, L - - 1.75) were both detected on the day s ide.  

The four-channel enhancements a t  t - - 17:32 - 

The isolated signal 

Orbit (See Figures 9, 10): The spacecraft was i n  shadow be- 

tween 1:56 UT and 2:24 UT. 

t o r  revealed no sharp change i n  the indicated f i e l d  strengths. 

four-channel enhancements at 2:20 t o  2:25 UT (h  - 360 - 650 km, B - - 0.35 - 
0.38 gauss, L - - 1.4 - 3.8) and 2:29 t o  2:34 UT (h - - 900 - 1350 Inn, 
B - 0.37 - 0.33 gauss, L - 12 - 30)  have the structure seen on orb i t s  10, 

22; large electron fluxes are found a t  the dip between successive spikes, 
however, it i s  not cei-tain that  these electrons observed i n  the northern 

auroral zone a re  actually precipitating. The large electron flux mea- 

sured between l:52 and 2:06 UT must primarily represent trapped pa r t i c l e s  

( t h i s  orbi t  passes over the magnetic anomaly). 

ever, t ha t  a significant two-channel r i s e  a t  2:06 t o  2:08 UT ( h  - - 370 - 
515, B z 0.24 gauss, L - - 1.3) appears t o  be associated with the edge of 

the radiation be l t .  The isolated spikes a t  1.53 UT and 3:07 UT have 

h - - 1500 km, B - - 0.26, L - - 7.3, and h - - 3600 km, B - - 0.09 gauss, and 

L - - 1.52, respectively. 

f i e l d s  were measured when the antenna encountered both the highest 

density a t  perigee, and the highest flux of trapped par t ic les  near apogee 

(see a l so  Figure (6), SCF) . 
i n  the antenna contributes s ignif icant ly  t o  the indicated noise f i e lds .  

Again, t h e  f i r s t  passage across the  termina- 

The 

- - 

It is  noteworthy, how- 

This pass i s  of i n t e re s t  because quite moderate 

Thus, it is highly unlikely tha t  shot noise 

-11- 



1 . 
c 

. 
Orbit 65 (See Figures 11, 12): The spacecraft was i n  shadow be- 

tween 14:03 UT and 14:31 UT, and the  f i r s t  pesssge across the  terminator 

w&s roughly coincident with a moderate decrease i n  the background f ie ld  

intensity.  
sult i n  an increase i n  the indicated f i e l d  strength, these observations 

a l so  support the contention that no sheath corrections a r e  required. 

broad four-channel noise increase a t  14:14 UT t o  14:20 UT appears to be 

associated with passage through the ionosphere (h * - 418 km t o  perigee, 

B - - 0.3 - 0.38 gauss, L - - 1 - 1.3) . 
was considerable lo s s  of signal, but the four-channel data appear to indi-  

cate that a significant noise enhancement was present between 14:28 UT and 

14:38 UT (h - - 430 lan to 1100 h, B 0.34 t o  0.37 gauss, L - - 1.4 - 8); it 
would seem tha t  these resul ts  a r e  not inconsistent with those obtained on 
orb i t s  10, 21, 48, w i t h  respect t o  the  re la t ion between V U '  f i e l d  strengths 

and precipitating electron observations, but t he  electron fluxes i n  the  

southern region a re  c lear ly  unrelated t o  our measurements of E parallel 

t o  the spin axis.  

Since the  hypothetical night side sheath formation should re- 

"he 

In the northern auroral  region there  

Orbit 86 (See Figures 13, 14):  This orb i t  during a magnetically 

quiet period i s  - ~ i c p e  i n  several respects. 

i s  the largest  seen i n  the normal channels during the l i fe t ime of the 

experiment; the night side noise enhancements and the precipi ta t ing elec- 

tron fluxes extend over an enormous region, and on the northern night 

side auroral pass the 3.9 and 7.35 kc/s noise signals are  consistently 

more intense than the 1.7 kc/s f i e lds .  The first large enhancement i n  

the two lowest frequency channels a t  10:34 t o  10:41 UT occurs a t  an a l t i -  

tude range of 1000 - 1650 hn (B - - 0.28 - 0.36 gauss, L 1: 3.3 - 9.5). The 

76 millivolt/meter peak a t  10:39 has h - 3.200 km, B - - 0.34, L - - 4.6, and 

the remaining par t  of t h i s  large noise signal ( t o  10:41 U T )  appears t o  be 

coincident with a dip i n  electron f l u .  As in orbits 10, 21, and 48, the 

subsequent dip i n  f i e l d  strength (10:42 - 1 O : u  UT) occurs where the 

electron flux peaks. Near perigee the relat ion between E and Je i s  not 

c lear .  

UT a re  accompanied by significant rise i n  t h e  3.3 slld 7-35 kc/s f ie lds ,  

and between 11:12 and 11:20 UT (h  - - 920 - 1600 km, B 2 0.37 - 0.30 gauss, 

The 76 millivolt/meter f i e l d  

The huge electron fluxes a t  low a l t i tudes  between lO:52 and ll:O5 
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L - - 4.9 - 20) exceptionally large f i e l d s  a re  found in a l l  high frequency 

channels, but only moderate signals occur a t  1.7 kc,/s. 

it is  perhaps worth s t ress ing again t h a t  t h i s  VLE' experiment i s  only cap- 

able o? measuring the cmponent of E p a r a l l e l  t o  the spin ax is .  

In this comection, 

The indicated f i e l d  strength i s  ac tua l ly  a one-second average 

derived by multiplying the measured poten t ia l  amplitude by the  idealized 

effective length, .teff 
peak potential ,  0 

and thus the 76 millivolt/meter measurement Implies e0 

Since the electron thermal energy i s  only about 170 mil l ivo l t s  a t  

h - 1200 ( T  - 2000°k), e0 
e -  P 

theoret ical  maximum (see SCF). 
expect t o  see very short  wavelength f i e l d s  with much la rger  magnitudes; 

i . e .  E - % 0 where 5 i s  the Debye wavenumber. Thus, if % - 1 cm, 

0.23 meter. For t h i s  kind of noise, the  t r u e  

must be a t  l e a s t  three times the indicated average, 
P' 

> 52 mi l l ivo l t s .  
P 

exceeds 0.3 kTe, which i s  close t o  the - 
If t h i s  deduction i s  correct,  we might 

-1 
P P - 50 mill ivol ts ,  E - 5 volts/meter. In fac t ,  these large amplitude 

OP P -  
short wavelength f i e l d s  may have been detected on occasion i n  the P-11 

overcounter channel. 

t r igger  a t  a threshold of 1 volt/meter. 

tinuous ccherent large zmplitcrde s ignal  would be indicated i n  t h i s  chan- 

nel, a short  duration pulse would merely produce an output t o  s ignify 

that the  s ignal  had been received. 

type were found from t i m e  t o  time, but no large amplitude s-lgnals of 

suf f ic ien t ly  long duration were ever detected. This suggests strongly 

t h a t  any f i e l d s  w i t h  E 

d i t ions  f o r  constructive interference on the  "long" antenna were only 

established momentarily. 

A s  mentioned i n  SCF, t h e  overcounter was se t  t o  

Although the frequency of a con- 

Overcounter responses of the l a t t e r  

1 volt/meter had h << .teff so t h a t  t he  con- 

Orbit 102 (See Figures 15, 16): On t h i s  pass the  perigee oc- 

curred near the geographic equator and hence the antenna pointed i n  the  

direct ion of motion over a large portion of the night s ide pass. 

of t he  symmetry, the terminator crossings occurred near the act ive auroral  

o r  polar zones (shadow between 20:40 UT and 21:08 UT). 

spike at 2G:?3 L !  tc? ?0:41 UT (h  z 900 - 1100 lun, B - - 0.36 - 0.37 gauss, 

L - 8.6 - 26) might apgear t o  be related t o  the  nex-t enhancement a t  a : 4 6  
t o  2O:5O UT (h  - 370 - 600 km, B - - 0.36 - 0.37 gauss, L - - 1.5 - 3)  t o  

Because 

The ra ther  strong 

- 
- 
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form a double peak structure as i n  orb i t s  10, 21, 48, and 85, and some 

precipi ta t ing electrons are actually found i n  the d i ~  region between 20:41 
and m:46 UT. 

these uniturial field rnessuraent ,~ ,  and the severe telemetry l imitat ions 

also r e s t r i c t  the  interpretation. The more moderate broad r i s e  between 

However, the possible re la t ions a re  not c lear ly  defined by 

21:OO and 21:lO UT (L z 320 km t o  900 lan, B 0.34 - 0.37 SUSS, L 1 - 
3.4) may a l so  have a doukle peak structure.  

Orbit 157 (See Figures 17, 18) : The spacecraft entered the 

shadow a t  19:38 UT and emerged a t  20:06 UT. 

i n  the  indicated f i e lds  as the spacecraft entered shadow, but as it was 

There were no sudden changes 

emerging the instrument appeared t o  detect the f a i r l y  common dip between 

successive peaks. This structure a t  20:02 - 20:lO UT was found a t  
L - 1.3 - 3.8, h - - 500 - 1200 km, B - - 0.37 - 0.34 gauss. The most pro- 

minent feature of t h i s  record i s  obviously the very strong four-channel 

enhancement near perigee ( t - - 19:47 - 19:52 UT, h - - 360 - 275 hm, 
B - - 0.43 - 0.36 gauss), but the moderate three-channel dayside peak a t  

- 

2 0 ~ 2 6  - m:3O UT (h - - 2500 - 2800 lan, L 80 - 14 with Lpeak = 20, 

B - 0.22 - 0.20 gauss) i s  also noteworthy. For t h i s  orb i t  and the remain- - 
ing ones no ~ L C C L I U ~  - -&--- d-,- -+a --- ISPP n_mileble. 

Orbit 167 (See Figures 19, 20): The spacecraft entered the 

shadow a t  16:52 UT and emerged a t  17:51 UT. Once again, there were no 
sudden changes i n  the indicated f i e l d s  associated with a change in the  

photoflux. 

somewhat unusual four-channel enhancement occurred between l 7 : O O  and 

17:05 UT (a l t i tude  range 400 km t o  perigee, B 2 0.5 - 0.4 gauss), and an 
enhancement appeared primarily In the mid-frequency channels a t  16:56 - 
16:59 UT (h - 615 - 450 km, B - 0.49 - 0.51 gauss, L - 6 - 3) .  
largest  1.7 kc/s r i s e  a t  17:22 - 17:27 UT w a s  found a t  an a l t i t ude  of 

1000 - 1400 lan (B - 0.36 - 0.31 gauss, L - 2.6 - 5.3). 

The 1.7 kc/s response was re la t ive ly  quiet; however, a 

The 

Orbit 202 (See Figures 21, 22): The spacecraft was i n  shadow 

between 19:13 and 19:42 UT, and the f irst  passage across the terminator 

c lear ly  shows tha t  no sheath corrections influence the indicated f i e l d  

levels .  The first four-chamel noise increase a t  l9:22 t o  19:30 i s  
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again associated with passage throi gh the ionosphere ( h  - - 350 km t o  peri-  

gee, B 2: 0.45 - 0.33 gauss, L - - 1 - 2.2) an2 the night side auroral  enhance- 

merit a t  19:38 - 19:48 UT (h - - 740 - 1600 km, B - - 0.29 - 0.35 gauss, 

i., - 1.3 - 6.2) i s  quite moderate. 

2O:lO UT (h - - 2930 - 32OO km, B - - 0.16 - 0.19 SUSS, L - - 7.6 - 25). 

Such signals were seen more frequently i n  these l a t e r  passes as perigee 

dr i f ted  southward. 

The day side spike i s  a t  2O:O5 t o  

Orbit 207 (See Figures 23, 241: The terminator crossings occurred 

at  5:50 UT and 6:19 UT, but the f i e l d s  were moderately disturbed a t  both 

times and nothing can be stated concerning sheath effects .  

large enhancements between 6:00 and 6:12 UT a re  c lear ly  ionospheric 

(h  - 350 k m  t o  perigee, B - - 0.24 - 0.36 gauss, L - - 1.2 - 1.6); it is  

worth noting tha t  the individual peaks are  not symnetric about perigee 

( a t  6:02 UT, h = 276 la, B = 0.237 gauss, while a t  6:075 UT, h = 343 km, 

B = 0.295 gauss). 

increase i n  the  northern auroral zone, but the large signals a t  6:2k UT 

t o  6:29 UT a re  c lear ly  polar (h - - 1500 - lgo0 km, B - - 0.32 - 0.27 gauss, 

L - - 18 - 124). 

cietected a t  an zltitnc?e c?f  3490 km? with B = 0.11 gauss, L = 1.64. 

The extremely 

- 

There i s  some evidence for  a very moderate noise 

The isolated 7.35 kc/s 22.1 millivolt/meter signal was 

Orbit 217 (See Figures 25, 26): On t h i s  re la t ive ly  quiet pass 

the spacecraft. entered shadow a t  3:05 UT and emerged a t  3:34 UT; again 

no sharp changes i n  indicated f i e l d  levels  a r e  associated with these 

times. 

t o  perigee, B - 0.27 - 0.22 gauss. 

occurred mainly i n  the 3.9 and 7.35 kc/s channels (t - - 2.59 - 3:05 UT, 

h - - 1200 - 730 km, B z 0.35 - 0.31 gauss) and the  parameters fo r  t he  

isolated 3.9 kc/s peak a t  3:40 UT are  h - - 1650 km, B - - 0.29 gauss, 

L - 22. 

The four-channel enhancement a t  t - 3:08 - 3:17 UT had h - 542 Inn - - 
The auroral  enhancement a t  L - 6 - 7 - - 

- 
Orbit 262 (See Figures 27, 28): This complex recording was taken 

during the early hours of a moderate geomagnetic disturbance and several 

kinds of noise bursts were detected. 

a t  2:hO and 3:09 UT and the enhancement between 2:42 and 2:55 UT i s  

clearly ionospheric (h  - - perigee t o  500 km) . 
t i ng  events are the day side auroral  enhancements a t  2:l7 t o  2:25 UT 

The terminator crossings occurred 

Perhaps the most interes-  
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(h - - 1740 t o  2470 km, B - - 0.2 - 0.31 gauss, L - - 2.7 - U.7; large f i e l d s  

i n  the  higher frequency channels only) and et 3:33 t o  3:36 UT (h  - - 3140 - 
3340 lan, B 1: 0.15 - 0.17 gauss, L - - 4.2 - 6.4; primsrily 1.7 kc/s noise),  
7 xne 1.7 kc/s spike st. 3rl3 - 3:15 UT w a s  detected a t  an a l t i t ude  of 1600 - 
1800 lan with B - 0.28 gauss and L - - 8 - 18. 

Orbit 267 (See Figures 29, 30):  These data represent the  only 

measurements taken while a moderate geomagnetic s tom was i n  progress, 

and a l l  four passes through the auroral  regions show some noise enhance- 

ment. 

B - 0.15 gauss, L - - 4.7 - 6.3) a very modest f i e l d  rise i s  apparent. 

southern pass occurs some 60 minutes l a t e r  and a t  8 completely different  

a l t i t ude  (for  t between l3:06 and l3:U UT, h - - 900 - 1460 km, B - 0.24 - 
0.39 gauss, L - 4 - 10.5) and t h i s  t raversal  i s  marked by the unique 

detection of sustained high f i e lds  i n  the 3.9 kc channel. 

apparent that most noise enhancements detected on 1964-45A have a very 

different  character involving large fluctuations from high t o  near back- 

ground levels.)  The lack of any simultaneous a c t i v i t y  in the  1.7 kc/s 

and 14.5 kc/s channels is quite unusual (however, see orb i t s  86, 217). 
b LllC ---A 11CAb l - i -h+ \ L ~ J . & A Y - - - - -  r i d e )  aiiroral pass a t  13:15 t o  1320 UT (h  - - 420 - 
750 km, B 0.44 - 0.51 gauss, L - - 4.4 - 12.9) the  enhanced noise does 

appear i n  a l l  four channels, and a more moderate four-channel rise i s  

again present a t  13:47 - 13:53 UT (L - - 1340 - lw km, B - - 0.26 - 0.28 
gauss, L - - 2.1 - 5.9). The character is t ic  broad perigee r i s e  i n  f i e l d  

leve l  w a s  again detected, and the isolated 1.7 kc/s spike a t  l3:2l - 
13:24 UT occurred a t  an a l t i tude  of 300 - 407 km x i t h  B = 0.49 - 0.51 
gauss and L = 2 - 4. 
UT. 

On the first daylight pass a t  l2:05 t o  12:07 UT (h  - - 3275 - 3410 km, 
The - 

(It should be 

The terminator crossing times were 13:17 and 13:47 

Orbit 339 (See Figures 31, 32): The spacecraft was i n  shadow 

between 22:U UT and 22:43 UT. Because the perigee had precessed so 
f a r  t o  the  south, the entrance in to  shadow, the  approach t o  perigee, 

and t raversa l  of high L-values coincide on t h i s  pass. The prominent 
f w r - c h m e l  e ~ h ~ n c ~ m e ~ t .  a t  t 2: 22:lO - 22:20 UT occurred for h - 550 lan - 
perigee, L - 26 - 2.4, B - 0.44 - 0.3 gauss, but the  peak f i e l d s  were 

measured a t  L = 4 - 6. 

- 
- - 

The other night side enhancements w e r e  detected 
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only i n  the 1.7 kc/s channel. 

B - 0.26 - 0.24 gauss and L 2 1.1, whiie for  t - - 22:G - 22:46 LT, h, - - 1700 - 
xxx> km, B - 0.23 gauss and L - - 3 - 5 .  
t N 23:m - 23:Og LT had h - - 3000 - 3300 kmz B N - 0.19 - 0.17 gams and 

For t - N 2 2 ~ 2 8  - 22:33 UT, h 500 - 850 loll, 

- 
The day side enhancement a t  

- 
L - - 390 - 34. 

Later Orbits: After approx-tely 400 orbi t s  the E O  d r i f t  oc- 

curred and only a few usefu l  conclusions can be derive2 from the subsequent 

measurements. 

cessed suff ic ient ly  so that apogee was on the  night side, with the antenna 

out of the spacecraft wake. 

following features: 

nels generally remained near 1 - 2 mlllivolts/meter, but on occasion t h e  

instrument noise leve l  (317 - 400 microvolts/meter) was detected simul- 

taneously on a l l  four channels. 

never measured during the period 15 August t o  13 September.) 

double-hump structure i n  the 1.7 kc/s channel was again found when the 

spacecraft passed through the radiation be l t s  near apogee. 

t en t  form of t h i s  prof i le  suggests that wake ef fec ts  irkroduce no new 

oscii iztioiia,  h t  merely cha~ge  the cniipling between the antenna and the 

ambient plasma. 3) Relatively intense isolated noise bursts were seen 

more frequently i n  the mid-frequency channels during these l a t e r  passes. 

In pa r t i cu la r ,  l a te  i n  November, 1964, the orb i t  had pre- 

Several fragmentary recordicgs reveal the 

The background f i e l d  levels  i n  a l l  four chan- 1) 

(These very low f i e l d  strengths were 

2) The 

The pers is-  

IV. DISCUSSION 

The most important r e su l t s  of the VLF e l ec t r i c  f i e l d  experiment 

o r  1964-45A involve the measurements of sustained background f i e l d  levels  

with E - 1 - 2 millivolts/meter i n  a l l  channels, the detection of frequent 

and pers is tent  enhancements w i t h  E(1.7 kc/s) - - 20 - 75 millivolts/meter, 

and the observation tha t  an abrupt change i n  the photoflux i s  not 

generally associated w i t h  a change in f i e l d  level .  

The customary smoothness of the f i e l d  contours i n  the region of 
the terminator indicates that loca l  f i e l d  enhancement associated with 

thz plasm sheeth (SCF; &lli K e q ,  and Sellen, 1964) i s  

t h i s  i n  turn implies t ha t  the discussion i n  SCF based on 

t o r s  of 0.33 t o  0.2 WRS much too conservative. That is, 

minimal, and 

correction fac- 

the d ispar i ty  
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between the measured lackground f ie ld  strengths an6 thee &ri%icipted on 
the basis of E = cB/rl, where B 

appears t o  be a t  least twu t o  two and one-half orders of &tude, 
rather than the factor of 60 qyoted in SCF. We again conclude that 

most of the measurements r e p r e s a t  Zetecticz of short wavelength electro- 
s t a t i c  OSCilLations . 

y and n - - 50 (f = 1.7 kc/s), now 

The apparent backpound amplitude is, in fact, sanrewhat higher 

than the nd.nlmm or  equilibrium value of E calculated in SCF using the 

Rostoker (1961) formule 

even when Doppler broadening I s  taken into account. 
expl t imzs f o r t h i s  difference are available. For exmple, the col- 
lisionless plasm in the geosorgnetic dipole f ield should have a velocity 
distributicm which is  anisotropic because of the existence of a loss cone. 
For Q CC Qc a very moderate spatial  anisotropy gives rise t o  the " r i s  

type of ins tab i l i ty  (Iycuj, which is sss=tiUy af t he  two-stream 
variety producing growing electrostatic resonances at  CD = n Qc. However, 
fo r  fl >> Q 

and growing ion acoustic waves are produced v i t h  a peak near the ion 
plasmr frequency (Rosenbluth and Post, 1965). 

Several natural 

.- -,- P 

(as in the magnetosphere), t h i s  ins tab i l i ty  i s  transformed P C 

The discussion of individual orbi ts  in Section I11 shows that 

the enhanced fields occur a t  a great variety of alt i tudes,  lat i tudes,  
and geamagnetic f ield mlues; however, several general geophysical 

regions along the polar orbit  appear t o  be favored suurces fo r  t h i s  

kind of activity.  Specifically, greatly enhanced noise levels are 
frequently encountered in the upper ionosphere (h - - 270 - 500 km), near 

the auroral regions (L - - 4 - 8), and near the poles (L > 12) . Ihe  peak 
noise strengths are generally mch greater on the night side than in 

sunlight, and the enhanced fieici values exhibit very rapid amplitude 
fluctuations, rather than sustained Ugh levels. 
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The fact that the enhanced noise fields appear as a sequence of 

bursts is consistent with the coqjecture that the upper ionosphere and 
the magnetosphere are near some state of lnsrginal stability with respect 
to prduetfoo 0-4 plasma oscillations. That is, instabilities generally 

have self-quenching characteristics so that they become stabilized near 
mrginal stability some time after triggering, all- subsequent repe- 
titions of the triggering sequence. 

SCF.) 

length electrostatic oscillations can produce high energy electrons 
and protons via a gyrofrequency resonance (Fredricks, et al., 1965; 
Fredricks, 1965) and hence if the measured fields represent ion waves, 
we should expect to find bursts of high energy particles in similar 
regions. 
and Burrows, 1965) and E > 180 ev electrons (Sharp, et al., 1965) do 
reveal a structure composed of narrow intense spikes, and X-ray emissions 

from auroral regions (&own, et al., 1965) also have the nature of 
separate outbursts. In fact, studies of auroml energy spectrums in 
the range E 4 - 100 kev (Westerlund, et al., 1965; 'Iaquey, et al., 
1965) show extremely large and rapid fluctuations in the spectral 
characteristics. 

(See, for instance Figure (8) in 
In order to test this conjecture we note that slow, short wave- 

Indeed, recent observations of E > 4-0 kev electrons (McDiadd 

A f'ull identification of the source of the field enhancements 
requires much more information than is available fram the uniaxial VLF 
experiment alone. For instance, in the upper ionosphere where col- 
lisions might still be significant the large field strengths could be 
produced by electrons streaming across geomagnetic field lines via the 
collisional instability discussed by Bunenran (1963) and FBrley (1963). 
However, these perigee enhancements could also be produced by a runaway 
phenomenon associated with the presence of d-c electric fields parallel 
to the geomagnetic field lines. There is some evidence to support the 
second interpretation. 
presence of weakly damped o r  enhanced electron plasm oscillations at 
h - - 150 - 600 lan using incoherent backscatter of the Arecibo radar 
signal. 

streams were radiating non-thermal plasma oscillations by the Cerenkov 

mechanism; the generation of both electron and ion plasma oscillations 

Perkins, et a1 . (1965) recently detected the 

The enhanced ieveis 8bGvt? 3QQ km revealed that fast electron 
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is a characteristic of the -my process, but not of the Bunenran-EBrley 
instability. 

Similarly, we must turn to other measurements to interpret the 
large auroral and polar noise signais. k c e  recent observations 
of a-c field levels at f = f e suggest that d-c electric fields parallel 
to geomagnetic field lines induce rummy. 
very large electric field l?wsts at 0.7 Mc/s in a region where f e - P -  
0.7 Mc/s and Scarf and Fredricks (1965) interpreted this as a direct 
measurement of the ambient electrostatic wave. 
Benediktov et al. (1965) found sporadic electric fields at 0.725 Mc/s 
which were more than two orders of magnitude above the "coamic" back- 
ground. 
they were "well correlated with the appearance of flaws of low energetic 
electrons (E > 100 ev)". Flnally, 0"Brien (1964) has shown that certain 
features of the Injun 3 electron measurements are consistent with the 
assumption that splashy precipitation is caused by temporary d-c elec- 
tric fields parallel to 5 at high altitudes, aha S w i f t  (1965 a, b) bas 

discussed this interpretation in some detail. 

P 
Huguenin, et al. (1964) found 

Q1 Electron -2, 

These generally had the "character of separate outbursts" and 

A possible source of magnetospheric electric fiefas along the 
geomagnetic field lines is associated with the flute instability. 
(1965. b) considered a dynamical mechanism for magnetospheric charge 
separation electric fields in which particle injection on the day side 
of the magnetosphere, and particle losses on the day and night side can- 
bine to maintain a higher dayside population of trapped particles. 
was suggested that the asymmetric ring current is unstable with respect 
to fluting and that thermsl energy in the ring current is converted into 
plasm streaming which leads to auroral breakup, primarily on the night 
side. 

Suift  

It 

A general discussion of the natural stability of the quiescent 
axially symmetric magnetosphere with respect to fluting was also recently 

presented by C h a n g ,  et al. (1965). Using the zero temperature conduc- 
tivity tensor, the Liemohn and Scarf (lyt#l  eiectrolr Sensfty Ustrim- 
tion, Ne (r) - r-3, and their estimate of a luw electron temperature, it 

. - - / I  \ 
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was concluded that ionospheric current systems can readily stabilize the 
flute on the day side, but that the night side conductiliity is such that 
the magnetosphere might be near m8rginal stability at all times. 

there are several reasons for bzlie;rizg that these stabilization calcula- 
tions are overly optimistic: 1) The zero temperature conductivity is 
certainly an overestinate because plasma oscillations are readily generated 
in a warm plasma and these waves limit the current flow. 
laboratory experiments the flute has never been stabilized by inserting 
grounded conducting end phtes alone (W. Bernstein, private cnnmnlnica- 
tion) and the question of stabilization by a low density conducting 
plasma is still open; 2) the whistler-derived density profile may be much 
closer to r-4 than to r-3 (D. Carpenter, private cnnmnlnication), and Srif't 

(1965 b) has noted that the r 
stability; 3) Chang et. al. assumed Ne - r-3 throughout the xmgnetosphere 
whereas the whistler analysis of Liemohn and Scarf only covered the 
range 2Re < r < 4.5 Re. 
uity in the distribution could produce an over'stability. 
is considerable evidence for the existence of such a discontinuity near 
L - - 4 - 8 f r o m  analysis of "knee" whistlers (Carpenter, 1963; d s o  pri- 
vate communication). 
"knee" in the distribution may be taken as an indication that a more or 
less continuous instability controls the loss of magnetospheric plaema; 
4) Chang et al. assumed that the magnetospheric plasm is relatively 
cold, 'but Serbu (1964) found that the fraction of "hot" to "cold" elec- 
trons rises rapidly in the outer magnetosphere. 

In fact, 

In low density 

-4 decrease is essentially one of marginal 

However, as Swift pointed out, any discontin- 
Actually, there 

Indeed, the existence of a pennaneni;, 'but mma5:le 

Other evidence for the dumping of soft electrons just beyond the 
4 0  kev electron trapping buundary was recently presented by Fritz and 
Gurnett (1965), and all of these facts suggest that flute instabilities 
do limit the content of the magnetosphere and generate d-c electric fields 
along magnetic field lines. 
tude plasma oscillations, superthennal particles (via the cyclotron 
resonance mechanism), and ultbately the aurora. 
conclusions are quite tentative, and considerable caution must be 
exercised in interpreting the obsemtions. 

These in turn can then produce large ampli- 

However, the above 

It has been pointed out 
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(Bernstein et al. 1965) that very similar phenomena are observed not only 
in the flute unstable low density laboratory mirror machines (Phoenix IA 
&, cU1hnrnj Alice at Livermore, and Ogra at Moscow) but also in the flute 
stabilized devices ( E X  I and I1 at OFUU and the stabilized Alice and 

Ogra). 
anisotropies produce electrostatic cyclotron resonances rather than Ion  

waves, and these modes are indeed observed as a series of discontinuous 
bursts which occur in association with production of high energy protons 
and precipitation of electrons and protons with large v 
between the flute stable and unstable devices with respect to bursts of 
electrostatic waves, acceleration, etc., suggests that these phenomena 
are produced in association with a plasma instability which is not driven 
by the flute. MDreover, even for the flute-stabilized devices, signifi- 
cant evidence for the existence of large d-c electric fields along the 
magnetic field lines is available, but the origin of these parallel fields 
is not understood (Bernstein, 1965). 

In all of these experiments IIc > II and w 2 Qc, so that spatial 
P P 

The similarity I I  
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